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VENTURI MUFFLER WITH VARIABLE 
THROAT AREA 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of co-oWned 
applications Ser. No. 08/309,520, ?led Sep. 2, 1994, now 
US. Pat. No. 5,530,214 issued 25 Jun. 1996. +gi 

STATEMENT OF GOVERNMENT RIGHTS 

The invention described herein may be manufactured and 
used by or for the Government of the United States of 
America for governmental purposes Without the payment of 
any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates generally to mufflers, and 
more particularly to mufflers that attenuate loW frequency 
noise generated at the gas intake of compressors, internal 
combustion engines and other machines that produce noise 
during the process of taking in air or other gases. 

2. Brief Description of Related Art 
Machines such as air compressors and internal combus 

tion engines —especially diesel engines —produce high 
level pulsations at multiples of the machine’s rotational 
frequency range. Mufflers used to reduce intake pulsation 
noise generally are dissipative or reactive or a combination 
of the tWo. To be effective at loW frequencies (i.e., beloW 
about 500 HZ) and over a broad frequency range, these types 
of muf?ers must be very large and heavy. Most reciprocating 
compressors generally have ?rst order pulsation frequencies 
in the 7 to 20 HZ range and produce signi?cant intake noise 
at multiples of the pulsation frequency up to frequencies in 
the 300—400 HZ range. HoWever, even large mufflers can 
generally only attenuate tones by less than about 6 dB beloW 
about 30 HZ. To compensate for such loW frequency 
de?ciencies, tuned ?lters may be designed for the loW 
frequencies. HoWever, the tuned ?lters are effective only 
over a very limited frequency range. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a muffler that attenuate loW frequency noise gener 
ated at the gas intake of a machine. 

Another object of the present invention is to provide a 
muffler that attenuate noise generated over a broad range of 
frequencies at the gas intake of a machine. 

It is still a further object of the present invention to 
provide a muffler suitable for use With various machines 
having a range of capacities. 

It is yet a further object of the present invention to provide 
a muffler able to be optimiZed for a machine having a 
variable intake ?oW. 

Other objects and advantages of the present invention Will 
become apparent to those skilled in the art upon a reading of 
the folloWing detailed description taken in conjunction With 
the draWings and the claims supported thereby. 

In accordance With the present invention, these objects are 
met by providing a muffler for connecting to a gas intake of 
a machine that produces noise While taking in a gas ?oW 
through the gas intake. The present muf?er attenuates loW 
frequency noise generated at the gas intake of the machine. 
The muf?er includes at least one venturi noZZle cooperating 
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2 
With a chamber. Each of the at least one venturi noZZles has 
corresponding inlet and outlet openings and a venturi throat 
therebetWeen. The muf?er has a total throat area associated 
thereWith and includes means for varying the total throat 
area. The chamber has a chamber volume associated there 
With and may include means for varying the chamber 
volume. The chamber further has a chamber inlet connected 
to either the inlet opening or the outlet opening of the at least 
one venturi noZZle. Additionally, the chamber has a chamber 
outlet connected to the gas intake of the machine. FloW of 
the gas reaches the gas intake by sequentially passing from 
the inlet opening of the at least one venturi noZZle, through 
the at least one venturi noZZle, through the outlet opening of 
the at least one venturi noZZle, through at least a portion of 
the chamber, and through the chamber outlet. 

In one embodiment of the present invention the at least 
one venturi noZZle is made of a ?eXible elastic material, the 
corresponding venturi throat is circular in cross-section, and 
the means for varying the total throat area includes an 
adjustable collar surrounding the corresponding venturi 
throat for constricting the venturi throat. 

In an alternate embodiment of the present invention the at 
least one venturi noZZle includes ?rst and second parallel 
sides, and ?rst and second ?ared sides orthogonal to the 
parallel sides. The ?rst and second ?ared sides include 
parallel sections de?ning the corresponding venturi throat, 
convergent sections from the corresponding inlet opening to 
the corresponding venturi throat, and divergent sections 
from the corresponding venturi throat to the corresponding 
outlet opening. The means for varying the total throat area 
includes means for moving at least one of said ?rst and 
second ?ared sides toWards said other one of said ?rst and 
second ?ared sides. 

In a further alternate embodiment of the present invention 
the at least one venturi noZZle comprises a plurality of 
venturi noZZles, each of the plurality of venturi noZZles 
including corresponding inlet and outlet openings and a 
venturi throat therebetWeen, each of the corresponding ven 
turi throats has a cross-sectional area associated thereWith. 
The total throat area associated With the muffler is de?ned by 
the combined cross-sectional areas of the venturi throats. 
The means for varying the total throat area includes means 
for closing the corresponding inlet opening of at least one of 
the plurality of venturi noZZles. 

Generally, the machine to Which the present muf?er is 
connected is of the type requiring a knoWn volume of a gas 
at its gas intake during each intake cycle Wherein noise 
arises during each intake cycle. Thus, in a further embodi 
ment of the present invention, the at least one venturi noZZle 
includes inlet and outlet openings, and further includes a 
throat passage betWeen the inlet and outlet openings, a 
converging section betWeen the inlet opening and the throat 
passage and a diverging section betWeen the throat passage 
and the outlet opening. The throat passage is siZed to 
increase an average speed of a How of the gas to betWeen 
about 0.7 times sonic velocity and sonic velocity. 
Additionally, the volume de?ned by the chamber and the 
diverging section of the at least one venturi noZZle is equal 
to betWeen about 1 and 10 times the knoWn volume of one 
intake cycle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing objects and other advantages of the present 
invention Will be more fully understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings Wherein like reference numerals refer to 
like or corresponding elements throughout and Wherein: 
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FIG. 1 is a side, cross-sectional vieW of a muffler accord 
ing to one embodiment of the present invention. 

FIG. 2 is a side, cross-sectional vieW of a muffler accord 
ing to another embodiment of the present invention. 

FIG. 3 is a side, cross-sectional vieW of a muffler accord 
ing to yet another embodiment of the present invention. 

FIG. 4 is a side, cross-sectional vieW of one embodiment 
of a muffler in accordance With the present invention shoW 
ing a venturi noZZle With variable throat area. 

FIG. 5 is a side, cross-sectional vieW of another embodi 
ment of a muffler in accordance With the present invention 
shoWing a venturi noZZle With variable throat area. 

FIG. 6 is a side, cross-sectional vieW of a third embodi 
ment of a muffler in accordance With the present invention 
having a variable throat area. 

FIG. 7 is a side, cross-sectional vieW of one embodiment 
of a muffler in accordance With the present invention having 
a variable throat area and a variable chamber volume. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring noW to the draWings, and more particularly to 
FIG. 1, one embodiment of muf?er 10 is shoWn in cross 
section. Muf?er 10 consists of at least one venturi noZZle 11 
connected to chamber 12. Muffler 10 has a total throat area 
associated thereWith and includes means 115 for varying the 
total throat area (shoWn in FIGS. 4—7). Outlet 120 of 
chamber 12 (indicated by the dashed line tagged With 
reference numeral 120) is connected to intake 20 of a 
machine (not shoWn) such as an air compressor (e.g., piston 
or screW type), internal combustion engine or any other 
machine that produces noise While taking in air or other 
gases through intake 20. Accordingly, the present invention 
Will be described as it relates to loW frequency acoustic noise 
generally associated With such machines. 

Venturi noZZle 11 includes venturi throat 112 for increas 
ing the speed of a gas ?oW therethrough to sonic or near 
sonic velocity. The total throat area associated With muffler 
10 is de?ned by the cross-sectional area of venturi throat 
112. When muf?er 10 includes more than one venturi noZZle 
11, the total throat area is de?ned by the combined cross 
sectional areas of venturi throats 112. In the embodiment of 
FIG. 1, inlet 121 of chamber 12 is connected to outlet 
opening 110 of the diverging outlet section of venturi noZZle 
11 (i.e., the section betWeen venturi throat 112 and outlet 
opening 110). Thus, chamber inlet 121 and outlet opening 
110 are referenced to the same dashed line in FIG. 1. At the 
opposite end from outlet opening 110, is inlet opening 111 
of the converging inlet section of venturi noZZle 11 (i.e., the 
section betWeen inlet opening 110 and venturi throat 112). 
Inlet opening 111 (indicated by the dashed line tagged With 
reference numeral 111) generally opens to an intake gas 
source (e.g., the atmosphere for intake of air). 

Brie?y, during the intake action of the machine connected 
to intake 20, venturi noZZle 11 delivers gas to chamber 12 
With a minimum loss While increasing the gas velocity to 
sonic or near sonic velocity at venturi throat 112. Chamber 
12 serves as a reservoir of intake gas for the machine to draW 
from When there is inadequate ?oW through venturi throat 
112. 

Aventuri noZZle, if closely coupled to a machine intake, 
may cause a large drop in capacity because How is limited 
by choke conditions at the venturi throat during much of the 
intake cycle. Chamber 12 is siZed to provide an adequate 
How of air into the machine during the intake cycle When 
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How may be choked at venturi throat 112. Thus, to prevent 
loss of compression ef?ciency for a compressor, or charge 
ef?ciency for an engine, chamber 12 must be siZed to 
provide an adequate supply of intake gas to chamber outlet 
120 during the machine’s intake stoke or action. When gas 
?oW through venturi throat 112 becomes inadequate during 
the machine’s intake cycle, the machine can draW from the 
reserve gas volume provided by intake 20 and venturi 
muf?er 10. 
The reserve gas volume provided by venturi muf?er 10 

includes the volumes of chamber 12 and the diverging outlet 
section of venturi noZZle 11 (i.e., the volume betWeen 
venturi throat 112 and outlet opening 110). The total reserve 
volume (Which includes the volume of intake 20) must be 
siZed to compensate for any inadequate ?oW through venturi 
throat 112. Thus, the siZe of venturi muf?er 10 is predicated 
upon hoW continuous the gas How is into the machine. For 
machines With discontinuous intake ?oW, such as a single 
acting reciprocating compressor, the total reserve volume 
should be approximately 10 times greater than the volume of 
gas required for each intake stroke. For machines that have 
a more continuous intake ?oW, such as a screW-type com 
pressor or multi-cylinder engine, the total reserve volume 
should be approximately 3 times greater than the volume of 
gas require during each gas intake phase. For machines 
characteriZed by continuous non-?uctuating intake ?oW, 
such as turbomachinery, the reserve volume provided by the 
divergent outlet section of venturi noZZle 11 residing 
betWeen venturi throat 112 and divergent outlet opening 110 
is generally sufficient. 

Venturi muf?er 10 provides attenuation of noise associ 
ated With the machine’s intake of air or other gases through 
tWo principles. First, the area de?ned by venturi throat 112 
is siZed to increase the speed of the gas ?oWing therethrough 
to sonic or near sonic velocity during each intake cycle. This 
is done because sound cannot propagate upstream past 
venturi throat 112 (toWards inlet opening 111) as long as the 
doWnstream gas velocity therethrough (toWards outlet open 
ing 110) is in the sonic range. Second, the pressure ?uctua 
tions emanating from a machine intake are produced by 
abrupt changes of How into the machine. A correctly siZed 
venturi noZZle 11 Will maintain relatively constant ?oW, 
thereby greatly reducing pressure ?uctuations generated as 
gas is draWn into the machine during the machine’s intake 
cycle. For machines With a discontinuous intake ?oW, such 
as a single-acting reciprocating compressor, venturi throat 
112 is siZed to achieve an average throat velocity of about 
0.7 times sonic velocity. For machines that have a more 
continuous intake ?oW, such as a screW-type compressor or 
multi-cylinder engine, venturi throat 112 is siZed to achieve 
an average throat velocity of about 0.9 times sonic velocity. 
For machines having continuous non-?uctuating intake ?oW, 
such as turbomachinery, venturi throat 112 is siZed to 
achieve sonic velocity therethrough. 

Generally, the angle and length of Walls 113 and 114 
leading to and from, respectively, venturi throat 112 are 
selected in accordance With standard venturi noZZle design 
criteria as is Well understood in the art. In one embodiment, 
the angles and lengths of Walls 113 and 114 are selected such 
that the How areas de?ned by inlet opening 111, outlet 
opening 110 (and that de?ned by chamber inlet 121 in the 
embodiment of FIG. 1), and chamber outlet 120, are sub 
stantially equal to the How area of intake 20. Alternatively, 
the length of Walls 113 and 114 can be shortened along With 
proportional reductions in the respective diameters of inlet 
opening 111 and outlet opening 110. Note that While this 
alternative can cause some additional pressure drop across 
venturi noZZle 11, there is no loss in acoustic effectiveness. 
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Although the present invention has been described for the 
general embodiment of FIG. 1, it is not so limited. For 
example, venturi noZZle 11 and chamber 12 in FIG. 1 are 
arranged so that inlet opening 111, outlet opening 110 (and 
chamber inlet 121 in the embodiment of FIG. 1), and 
chamber outlet 120 are all aligned along a common axis 
(indicated by the dashed line tagged With reference numeral 
200). HoWever, space or other constraints may require that 
venturi noZZle 11 cooperate With chamber 12 in such a Way 
that all openings through venturi noZZle 11, chamber 12 and 
intake 20 are not aligned With one another. One such 
scenario of this sort is represented by the embodiment 
shoWn in FIG. 2 Where like reference numerals have been 
used for those elements in common With FIG. 1. In FIG. 2, 
outlet opening 110 of venturi noZZle 11 is positioned per 
pendicular to that of chamber outlet 120 leading to intake 20. 
Naturally, outlet opening 110 and chamber outlet 120 can 
form other angles With respect to one another depending on 
space or other constraints. 

In still another embodiment of the present invention, as 
shoWn in FIG. 3, venturi noZZle 11 can be enclosed Within 
chamber 12 for a more compact design. In FIG. 3 like 
reference numerals have been used for those elements in 
common With FIG. 1. To accomplish the compact design of 
FIG. 3, inlet opening 111 of venturi noZZle 11 is made 
coincident With that of chamber inlet 121. In such a 
con?guration, outlet opening 110 of venturi noZZle 11 is 
located Within chamber 12. 
As stated earlier, muffler 10 includes means 115 for 

varying the total throat area associated With muffler 10. The 
total throat area of muffler 10 is de?ned by the cross 
sectional area of venturi throat 112 (if one venturi noZZle 11 
associated With muffler 10) or the sum of the cross-sectional 
areas of venturi throats 112 (if more than one venturi noZZle 
11 associated With muffler 10). Avariable throat area alloWs 
a single design of muffler 10 to be optimiZed for particular 
machines. For example, different siZed compressors have 
different capacities, i.e., amount of gas taken in during an 
intake cycle, at their design operating conditions. By having 
a variable throat area, one muffler design is suitable for use 
With various machines having a range of capacities. 
Additionally, variable speed compressors Will have a vari 
able intake ?oWs, i.e., changing capacity, at different oper 
ating speeds. By having a variable throat area, one muffler 
design is able to be optimiZed for a machine having a 
variable intake ?oW. Thus, When the capacity of the com 
pressor changes due to changing siZe or speed, muffler 
performance could be optimiZed for each machine or How 
condition by adjusting the total throat area to maintain the 
optimum ?oW speed at venturi throat 112. When the desired 
throat speed is knoWn (examples of optimum throat speed 
for various machines are given above), the required area of 
venturi throat 112 may be determined by methods Well 
knoWn in the art. 
As shoWn in FIG. 4, muffler 10 includes at least one 

venturi noZZle 11 made of a ?exible elastic material. 
Preferably, venturi throat 112 corresponding to each ?exible 
venturi noZZle 11 is circular in cross-section. In this embodi 
ment of muffler 10, means 115 for varying the total throat 
area include an adjustable band, collar or ring 116 surround 
ing each venturi throat 112 for constricting venturi throat 
112. 
As shoWn in FIG. 5, each venturi noZZle 11 includes ?rst 

and second parallel sides 117, and ?rst and second ?ared 
sides 118 orthogonal to parallel sides 117. First and second 
?ared sides 117 have parallel section 119a de?ning a cor 
responding venturi throat 112, convergent section 119b 
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6 
extending from a corresponding inlet opening 111 to a 
corresponding venturi throat 112, and divergent section 1196 
extending from a corresponding venturi throat 112 to a 
corresponding outlet opening 110. In this embodiment of 
muffler 10, means 115 for varying the total throat area 
include means (not shoWn) for moving at least one of ?rst 
and second ?ared sides 118 toWards a corresponding other 
one of ?rst and second ?ared sides 118. Means for moving 
at least one of ?rst and second ?ared sides 118 may include 
manually adjusting the relative positions of ?ared sides 118 
or mechanically adjusting the position using means Well 
knoWn in the art for reciprocating movement, for example, 
by means of a double actuating hydraulic cylinder, or a 
rack-and-pinion gear type of linear actuator driven by an 
electric or hydraulic motor. Preferably, a muffler With a 
variable throat area as described in association With FIGS. 4 
and 5 Would have at least one venturi throat 112 that varied 
in cross-sectional area over a range of approximately 1 to 3. 

As shoWn in FIG. 6, venturi muffler 10 includes a plurality 
of venturi noZZles 11, each including corresponding inlet 
opening 111, outlet opening 110, and venturi throat 112 
therebetWeen. Each venturi throat 112 has a cross-sectional 
area associated thereWith Wherein the total throat area of 
venturi muffler 10 is de?ned by the sum of the cross 
sectional areas of the plurality of venturi noZZles 11. In this 
embodiment of muffler 10, means 115 for varying the total 
throat area include means for closing inlet opening 111 of at 
least one of plurality of venturi noZZles 11. Once the 
maximum desired total throat area is determined, muffler 10 
is designed having a plurality of venturi noZZles 11 each 
having a cross-sectional area at throat 112 of a desired 
percentage of the total throat area. Generally, muffler 10 
Would include in the range of 5 to 10 venturi noZZles. 
HoWever, a larger or smaller number could be used accord 
ing to the level of adjustment desired. Furthermore, the 
cross-sectional area of each noZZle 11 could be equal or 
unequal depending on the number of noZZles desired or 
practicable for a given muffler siZe. For example, if 10 equal 
siZed noZZles 11 (each 10% of the total throat area) Were 
used, total throat area of muffler 10 could be varied in 10 
percent increments by closing inlet opening 111 of one or 
more noZZles 11. Alternatively, by having 5 noZZles 11 
having cross-sectional areas at throat 112 of 5, 10, 15, 20 and 
50% of the total throat area, respectively, the total throat area 
could be varied in 5% increments by opening and closing 
varying permutations of noZZles 11. The advantage of using 
a smaller number of unequal siZed noZZles is that frictional 
losses are decreased relative to a muffler With more noZZles. 

In a further embodiment, muffler 10 becomes a variable 
volume muffler by including means for varying the volume 
of chamber 12. Avariable chamber volume alloWs a single 
design of muffler 12 to be used on different types of 
machines requiring different volumes of reserve gas for 
ef?cient operation. For example, as described above, the 
required volume of chamber 12 is less for a screW compres 
sor than for a reciprocating compressor of the same capacity. 
An exemplary embodiment of variable volume muffler 10 is 
shoWn in FIG. 7, Wherein chamber 12 is divided into tWo 
slidably engaging sections. First section 123 is adjacent to 
and attached to venturi noZZle 11. Second section 124 is 
adjacent to and attached to machine intake 20. As shoWn in 
FIG. 7, second section 124 overlaps ?rst section 123, 
hoWever, the opposite arrangement, i,e, ?rst section 123 
overlapping second section 124, Would function identically. 
Disposed betWeen the overlapping segments of ?rst and 
second sections 123, 124 is sealing means 125, such as an 
0-ring, gasket or other suitable sealing means for creating an 
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airtight, slidable seal. Therefore, the volume of muf?er 12 
can be easily adjusted for use With different machines by 
mechanically adjusting (using, e.g., means Well known in 
the art for reciprocating movement) or physically (manually) 
sliding ?rst and second sections 123, 124 relative to each 
other and then locking them in place using means Well 
knoWn in the art. 

The advantages of the present invention are numerous. A 
muf?er built in accordance With the present invention 
attenuated intake noise of a reciprocating compressor by 
15—29 dB over the 15—350 HZ frequency range (i.e., the 
frequency range over Which the intake noise of reciprocating 
compressors is prominent). Another muf?er built in accor 
dance With the present invention attenuated intake noise of 
a screW compressor 7—9 dB more than a much heavier and 
larger commercial muf?er at frequencies beloW 350 HZ. In 
both cases, attenuation Was achieved With no more pressure 
drop than caused by a conventional reactive or dissipative 
muffler. 

Multiple noZZles should be useful in reducing muf?er 
manufacturing costs. For example, a plate may be produced, 
by casting or molding, having closely spaced parallel 
noZZles opening through the plate. A section of plate, 
containing the required number of noZZles, could be cut out 
for use With a particular noZZle. The plate could be incor 
porated as a Wall of the muffler having noZZle openings 
passing therethrough. 

The present invention and many of its attendant advan 
tages Will be understood from the foregoing description and 
it Will be apparent to those skilled in the art to Which the 
invention relates that various modi?cations may be made in 
the form, construction and arrangement of the elements of 
the invention described herein Without departing from the 
spirit and scope of the invention or sacri?cing all of its 
material advantages. For example, While venturi noZZles are 
typically circular in cross-section, the present invention 
Would Work equally Well With venturi noZZles having other 
cross-sectional shapes such as rectangular (e.g., FIG. 5) or 
polygonal. It is therefore to be understood, the forms of the 
present invention herein described are not intended to be 
limiting but are merely preferred or exemplary embodiments 
thereof and, Within the scope of the appended claims, the 
invention may be practiced other than as speci?cally 
described. 
What is claimed is: 
1. A muffler for connecting to a gas intake of a machine 

Which produces noise While taking in a gas ?oW through said 
gas intake, said muf?er comprising: 

a venturi noZZle having an inlet opening, an outlet open 
ing and a venturi throat therebetWeen, said venturi 
throat de?ning an approximately circular cross 
sectional throat area, said venturi noZZle including 
?exible elastic material; 

a chamber having a chamber inlet and a chamber outlet, 
said chamber inlet connected to one of said inlet 
opening and said outlet opening, said chamber outlet 
connected to said gas intake; and 

an adjustable collar for varying said approximately cir 
cular cross-sectional throat area, said adjustable collar 
surrounding said venturi throat. 

2. A muf?er as in claim 1, Wherein said chamber inlet is 
connected to said inlet opening, and Wherein said chamber 
encloses said venturi noZZle. 

3. A muf?er as in claim 1, Wherein said chamber inlet is 
connected to said outlet opening, and Wherein said venturi 
noZZle projects outside said chamber. 
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4. Amuffler for attenuation of loW frequency noise at a gas 

intake of a machine, said machine being of the type requir 
ing a knoWn volume of a gas at said gas intake during an 
intake cycle of said machine, the noise arising during each 
said intake cycle, said muf?er comprising: 

at least one venturi noZZle, each said venturi noZZle 
including, as particular thereto, an inlet opening, an 
outlet opening a throat passage betWeen said inlet and 
outlet openings Which de?nes a cross-sectional throat 
area, a converging section betWeen said inlet opening 
and said throat passage, and a diverging section 
betWeen said throat passage and said outlet opening; 

a total throat area associated With said muffler, said total 
throat area being de?ned by the sum of every said 
cross-sectional throat area, each said cross-sectional 
throat area being de?ned by said throat passage par 
ticular to one said venturi noZZle; 

means for varying said total throat area; and 
a chamber having a chamber inlet and a chamber outlet, 

said chamber inlet being connected to one of said inlet 
opening and said outlet opening Which are particular to 
each said venturi noZZle, said chamber outlet being 
connected to said gas intakes; 

Wherein a How of said gas reaches said gas intake by 
sequentially passing from each said inlet opening 
Which is particular to one said venturi noZZle, through 
each said venturi noZZle, through each said outlet 
opening Which is particular to one said venturi noZZle, 
through at least a portion of said chamber, and through 
said chamber outlets; 

Wherein at least one said venturi noZZle is made of a 
?exible elastic material and has a particular said throat 
passage Which is approximately circular in cross 
section; and 

Wherein said means for varying said total throat area 
includes at least one adjustable collar, each said adjust 
able collar being for varying one said cross-sectional 
throat area, each said adjustable collar surrounding one 
said throat passage Which is approximately circular in 
cross-section and Which is particular to one said venturi 
noZZle Which is made of a ?exible elastic material. 

5. A muf?er as in claim 4, Wherein: 
said muf?er comprises one said venturi noZZle; 
said throat passage Which is particular to said venturi 

noZZle is siZed to increase an average speed of a How 
of said gas to betWeen about 0.7 times sonic velocity 
and sonic velocity; and 

said chamber and said diverging section of said venturi 
noZZle enclose a volume equal to betWeen about 1 and 
10 times said knoWn volume. 

6. Amuf?er as in claim 4 Wherein each said outlet opening 
Which is particular to one said venturi noZZle is connected to 
said chamber inlet, and Wherein each said venturi noZZle 
projects outside said chamber. 

7. Amuf?er as in claim 4, Wherein each said inlet opening 
Which is particular to one said venturi noZZle is connected to 
said chamber inlet, and Wherein said chamber encloses each 
said venturi noZZle. 

8. A muf?er for attenuating noise of a machine having a 
gas intake, said muf?er comprising: 

at least one venturi noZZle having a throat portion axially 
intermediate an inlet opening and an outlet opening, 
said throat portion de?ning a cross-sectional throat 
perimeter Which bounds a cross-sectional throat area; 

a chamber having a chamber inlet and a chamber outlet, 
said chamber engaging each said venturi noZZle by 
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connecting said chamber inlet to either of said inlet 
opening and said outlet opening, said chamber engag 
ing said machine by connecting said chamber outlet to 
said gas intake; and 
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said throat portion Which is approximately rectangular 
in cross-section; 

each said pair of ?ared sides includes three pairs of 
corresponding sections of said ?ared sides, a ?rst pair 

means for structurally altering at least one said throat 5 of Said Sections being approximately parallel and form 
Portion 50 as to modify Said Cross-Sectional throat ing tWo sides of said throat portion, a second pair of 
Perimeter Which Said throat Portion de?nes and thereby said sections convergently extending from said inlet 
vary said cross-sectional throat area Which said cross- Opening to Said throat portion, a third pair of Said 
Sectional throat Perimeter bounds- sections divergently extending from said throat portion 

9. A rnuf?er as in claim 8, Wherein: 10 to Said Outlet Opening; and 

at least one Said venturi nozzle has a ?exible Said throat said means for structurally altering at least one said throat 
portion Which de?nes a curvilinear said cross-sectional portion includes means for relatively positioning Said 
throat Perimeter; and pair of opposite ?ared sides, said means for relatively 

said means for structurally altering includes means for 15 positioning said pair of opposite ?ared sides including 
constricting and deconstricting at least one said ?exible 
curvilinear throat portion, said means for constricting 
and deconstricting including an adjustable collar for 
surrounding a said ?exible said throat portion Which 
de?nes a curvilinear said cross-sectional throat perirn 
eter. 

10. A rnuf?er as in claim 8, Wherein, for at least one said 
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means for moving at least one of said ?ared sides 
toWard the other of said ?ared sides. 

12. A rnuf?er as in claim 8, Wherein said rnuf?er is 
characteriZed by a total throat area, Wherein said total throat 
area is de?ned by the aggregate of every said cross-sectional 
throat area Which is bounded by a said cross-sectional throat 
perirneter, Wherein said rnuf?er includes means for varying 

throat portion, said means for structurally altering is over an 
approximate range of one to three times said cross-sectional 
throat area. 

11. A rnuf?er as in claim 8, Wherein: 

said total throat area, and Wherein said means for varying 
said total throat area includes said means for structurally 
altering at least one said throat portion. 

25 . . . 

13. A rnuf?er as in claim 8, wherein: 

at least one said venturi noZZle includes a pair of opposite 
?ared sides and a pair of opposite approxirnately par 
allel approxirnately planar sides, said ?ared sides being 
approximately orthogonal With respect to said approxi 
rnately planar sides, Whereby said venturi noZZle has a * * * * * 

each said throat passage de?nes a said cross-sectional 
throat perirneter Which is of a form selected from the 
group consisting of curvilinear and rectilinear. 


